ABSTRACT We describe experiments in which dissociated cells from differentiated, post-mitotic neural retina of late chicken embryos (13 and 16 days) rapidly and consistently transform (transdifferentiate) in vitro into lens-like phenotype and form spherical lentoids. Using immunohistochemical and other tests, we have established that the lentoids arise from the progeny of definitive retinal glia cells (Maller cells). An early event in their transformation is the appearance in the cell surface of MP26, a plasma membrane protein characteristic of lens but not found in the retina. The results support the hypothesis that the phenotype of definitive glia cells in the retina is stabilized by contact-mediated interactions with neurons; disruption of cell contacts and cell separation alter surface properties of the glia cells, decontrol their phenotype, and predispose them to phenotype transformation.
Contact-dependent cell interactions play a crucial role not only in embryonic cell differentiation and morphogenesis but also in maintaining the definitive phenotypic characteristics of differentiated cells (1) . It has been suggested that disruption of normal cell contacts can lead to phenotype "destabilization" and can predispose cells to transformation (2) . A particularly suitable experimental system for studying this important but little understood problem is the conversion of differentiated neural retina cells from late chicken embryos (13 and 16 days) into lenstype cells (3) . It is brought about by separating the cells and maintaining them for a few days in monolayer cultures.
The neural retina of chicken embryos contains several classes of neurons but only one kind of glia referred to as Muller cells. By the 13th day of embryonic development the retina has completed its overall histological organization and growth; both the neurons and the glia are post-mitotic and are phenotypically determined (4) . However, if retina tissue from 13-or 16-day embryos is dissociated and the cells are plated monodispersed in monolayer cultures, the glia cells begin again to divide (5) and lose some of their characteristic traits (6) . If, after 5-7 days, the cultured cells are aggregated by rotation, they assemble into numerous spherical clusters, each containing a compact core of lens-like cells (3) . The core has been referred to as a "lentoid" because the cells accumulate cytoplasmic proteins characteristic of normal lens (7) (8) (9) (10) .
Earlier studies suggested that the lens-like cells arose from modified retinal glia cells and that their transformation was associated with changes in cell surface properties (3) . The present work confirms these suggestions by identifying the progenitors of the lentoidal cells and by demonstrating that a lens-specific plasma membrane protein, MP26, becomes newly expressed on the surface of the transforming cells. 26 ,000 (11, 12) . This protein is known to be found only in the lens and has been studied most extensively in mammals (11, 13) . We have isolated MP26 from the lens of adult chicken using the procedure of Kibbelaar and Bloemendal (14) (Fig. 1B) , the antiserum formed a single band against these two preparations and showed no reaction with homogenates of neural retina or other tissues, consistent with the lens specificity of MP26. Histological sections of chicken lens immunostained with the MP26 antiserum showed fluorescence in the plasma membrane of lens fibers, consistent with the previously reported localization of MP26 (12) . Thus, by all of these criteria the antiserum was specific for MP26 and suitable for detection of this antigen.
Other Antisera. Purification of carbonic anhydrase C and preparation of the antiserum (carbonic anhydrase C antiserum) have been described (16) . Antiserum to lens cytoplasmic proteins (adult chicken lens) was raised in mice.
Culture Methods. Neural retina from 13-day chicken embryos (R'3) was isolated aseptically and was dissociated by mild trypsinization into single cells. Procedures used for cell dissociation, preparation of monolayer cultures, and cell aggregation were as described (3) . To obtain lentoids, R13 cells were maintained in monolayer culture for 5-7 days; the monolayers were then dispersed and the cells were aggregated by rotation for 48 hr in 25-ml Erlenmeyer flasks (5 x 107 cells per 3 ml of culture medium) on a gyratory shaker (70 rpm) according to the standard procedure (3) . The same protocol was used to obtain lentoids from cells of 16-day retina (R16).
Immunostaining with MP26 Antiserum. Samples were fixed in Carnoy's fixative, embedded in paraffin, and sectioned at 5 gm. Rehydiated sections were exposed to MP26 antiserum (di- (Fig. 2b) . Histological sections showed that virtually each aggregate contained an inner compact core of oblong cells with lentoid morphology (Fig. 2c) and an outer zone of smaller, round, loosely adhering cells predominantly of neuronal origin (3) .
The lentoidal identity of the core cells was confirmed by immunostaining the sections with antiserum to cytoplasmic proteins (crystallins) of adult lens (Fig. 2d) . As previously reported (3), the core cells reacted with the antiserum, but the outer zone cells did not.
Glial Origin of the Lentoids. The possibility that the lentoids were formed by the epithelioid gliocytes-i.e., by modified progeny of Muller glia cells (3, 17)-was subjected to several tests. As previously described (16) , Muller glia cells in post-mitotic differentiated chicken retina are characterized by the presence of carbonic anhydrase C. Because this enzyme continues to be expressed in gliocytes in monolayer cultures of R'3 cells (18) , it provided a marker for tracing the origin of the lentoids. Using carbonic anhydrase C antiserum, we examined immunohistochemically lentoid-containing cell aggregates and found that the enzyme was localized in the lentoidal core cells (Fig. 2e)- i. e., in the same cells that also immunostained for lens crystallin proteins (Fig. 2d) (Fig. 3 a-c) . Cells of the surrounding outer zone did not react with the antiserum. Therefore, retinal gliocytes transformed into lentoidal cells express MP26, a lensspecific membrane antigen. As previously reported (3) , cells from 16-day retina also can give rise to lentoidal bodies under the same experimental conditions as R'3 cells. Immunostaining of R16 cell aggregates (R16+7+2) with MP26 antiserum revealed membrane fluorescence in the lentoidal cells (Fig. 3d) . Therefore, also the conversion of R16 gliocytes into lentoidal cells is marked by expression of this lens-specific membrane antigen.
Next, we investigated immunohistochemically if MP26 appeared only after the cells had aggregated into compact lentoids or earlier. MP26 could not be detected in retina tissue (Fig. 4a) (R13 or other ages), in freshly dissociated R13 cells, or in 1-day monolayer cultures of R13 cells. However, already in 3-day cultures of R13 cells, scattered gliocytes showed surface reaction with MP26 antiserum (Fig. 4b) . The initial appearance of MP26 coincided with the presence of cells that immunostained for lens cytoplasmic proteins, but it is not yet clear-if the cytoplasmic and the membrane lens antigens begin to be expressed simultaneously. After 5-7 days in monolayer culture, the majority of gliocytes showed membrane reaction with MP26 antiserum (Fig. 4 c and d) . Expression of MP26 in the gliocyte membrane was convincingly demonstrated in monolayer caltures in which neurons were destroyed by treatment with the chinoform compound (see above). Immunostaining with MP26 antiserum revealed the antigen in the surface membrane of virtually every remaining cell (Fig. 4 e-g ).
Therefore, MP26 appears in the gliocyte surface membrane while the cells are still in monolayer culture. Accepting that expression of this lens-specific membrane molecule and of lens cytoplasmic proteins is diagnostic for gliocyte conversion into a lentoid phenotype, we conclude that this conversion is in progress already 2-3 days after separation of R'3 cells and their plating in monolayer. Cell aggregation facilitates and expedites assembly of the converted cells into a lentoidal tissue configuration; however, some of the major changes indicative of this conversion occur while the cells are still dispersed. It is presently unknown whether continuous cell multiplication is obligatory for conversion of the separated R13 gliocytes into a lentoidal phenotype or whether persistent disruption of normal contact interactions with neurons would in itself elicit this conversion.
DISCUSSION
Lentoids were originally discovered in cultures of retina cells from very early chicken embryos (9, 21) . In these cultures the starting cells were still undifferentiated, and a long period of Proc. Natl. Acad. Sci. USA 80 (1983) 7243 cultivation was required before lentoids began to appear. Because of this, it could not be determined which type of retinal cells gave rise to the lentoids. The more recent finding (3) that cells from differentiated retina of later embryonic ages can give rise to lentoids much faster, and with high frequency and consistency, made it now possible to establish the glial derivation of the lentoid-forming cells, as was previously suggested (3, 17) . The finding of MP26 expression in the membrane of the transformed gliocytes provides a new identity marker for their altered phenotype.
The (23) (24) (25) . Cell separation with trypsin degrades R-cognin; reassociation of the separated cells into a retinotypic tissue pattern requires functional restoration of R-cognin on the cell surface (23, 26) . However, if dispersed gliocytes from differentiated retina are maintained in monolayer culture, .they rapidly lose the capacity for R-cognin restoration or expression (18) ; thus, the absence of R-cognin could readily account for the loss of gliocyte affinity for neurons and acquisition of affinity for each-other. As a hypothesis for future exploration, we suggest that such changes in the properties of the cell surface, initiated by disruption of normal cell contacts, are signaled into the regulatory centers of the gliocyte and trigger a cascade of processes that lead to phenotype modification.
The -finding that MP26, a lens plasma membrane protein, becomes newly expressed in the surface of the modified gliocytes greatly expands this system's usefulness for investigating mechanisms of phenotype stability and transformation. It also provides a promising experimental model for studying the still unresolved role of MP26 in the cell membrane (13, 27, 28) . Because MP26 is not detectable in the neural retina, the possibility arises that gene(s) controlling the synthesis of this protein are "switched on" in retinal gliocytes due to changes elicited by disruption of contacts with neurons. Alternatively, normal glia cells may contain a conformational variant or a covert form of this protein that-does not bind antibodies generated against MP26 from the lens. In any case, because MP26 is the' most abundant and characteristic surftce membrane protein in normal lens (27) , its expression in modified retinal gliocytes validates the original identification of their phenotype as lentoidal (3, 9, 21) . As to the role of MP26, it is unlikely that its expression on the modified gliocytes is directly responsible for the changes in their contact affinities because, according to recent studies on bovine lens (28), MP26 is not exposed on the outer surface of the cell membrane. Thus, the molecular basis for the affinity changes of the dispersed gliocytes as well as the specific function of MP26 remain to be elucidated.
Retina and lens have disparate origins in the embryo; therefore, it is puzzling why definitive retinal glia convert so readily into lens-like cells. Perhaps the experimental conditions presently used favor this particular redirection of the glial phenotype, and different conditions might result in other changes.
